Azadirachta indica, or Neem Tree, is an evergreen tree native to Southeast Asia. All parts of the tree have been used medicinally for centuries. The allelopathic potential of extracts of Azadirachta indica L., which is one of the most dominant weeds in tropical regions of South-west Asia, was investigated under laboratory conditions. The n-hexanesoluble, acetone-soluble and water-soluble fractions obtained from the acetone extract of A. indica shoots inhibited the germination and the growth of roots and shoots of six test plant species. The inhibitory activity of the water-soluble fraction was greatest, followed by that of the n-hexane-soluble and acetone-soluble fractions in all bioassays. Significant reductions in the germination and growth of the roots and hypocotyls were observed as the extract concentration increased. The concentration-dependent responses of the test plants to the fractions suggested that all three fractions might contain allelochemicals, but that the greatest potential was in the water-soluble fraction. These Vol. 1, No. 1
Introduction
A number of weed and crop species have been reported to possess allelopathic activity on the growth of other plant species (Rice, 1984) . Chemicals with allelopathic activity are present in many plants and in many organs, including leaves, flowers, fruits and buds (Ashrafi et al, 2007; Putnam & Tang, 1986; May & Ash, 1990; Mahall & Callaway, 1991; Inderjit, 1996) .
Azadirachta indica, or Neem Tree, is an evergreen tree native to Southeast Asia. All parts of the tree have been used medicinally for centuries. It is widely used in toothpastes, soaps and lotion today, as well as being a biological insecticide. Azadirachta is a genus of two species of trees in the flowering plant family Meliaceae. Numerous species have been described in the genus but only two are currently recognized, A. excelsa (Jack) Jacobs, and the economically important Neem tree, A. indica A. Juss. (Ashrafi et al, 2008; Mabberley et al. 1995 , Pennington & Styles 1975 . The need to reduce harmful environmental effects from the overuse of herbicide has encouraged the development of weed management systems, which are dependent on ecological manipulations rather than agrochemicals (Liebman and Ohno, 1997) . Allelopathy has been defined as an adverse influence of one plant or micro-organism on another (Rice, 1984) . In agricultural practice, allelopathy is exploited for weed control (Kohli et al., 1998) . Neem (Azadirachta indica. A. Juss) is a versatile tree native to South and South-East Asia, Japan, tropical USA, South America, Australia and Africa. Its various plant parts have been traditionally used to control domestic insects, pests in stored grains, crop pests and in human and livestock medicine. Recently, these properties have been attributed to hundreds of chemicals present in the tree. Neem trees have many unique compounds that have been identified (Sankaram, 1987) . The more common and the most analyzed compounds include nimbin (anti-inflammatory), nimbidin (anti-bacterial, anti-ulcer, analgesic, antiarrhythmic, anti-fungal) , nimbidol (anti-tubercular, anti-protozoan, anti-pyretic), gedunin (vasodilator, anti-malaria, anti-fungal), sodium nimbinate (diuretic, spermicide, anti-arthritic), queceretin (anti-protozoal), salannin (repellent), and azadirachtin (repellent, anti-feedant, anti-hormonal) ( Sankaram, 1987) . Because neem may contain a number of useful chemicals, with multiple uses and adaptability to diverse habitats and climatic conditions, interest in the tree has increased. However, very few reports of neem's allelopathy have been published. Under certain conditions, these compounds are released into the environment, either as exudates from living tissues or by decomposition of plant residues in suficient quantities to affect neighbouring or successional plants (Ashrafi et al, 2007; Bhowmik & Doll, 1982; Putnam, 1988; Inderjit & Dakshini, 1992; Einhellig, 1996) . Evidence for allelopathy has accumulated in the literature over many years and many kinds of allelochemicals have been isolated and characterized from various plants (Bell, 1981; Duke, 1986; Putnam, 1988; Gross & Parthier, 1994; Seigler, 1996) . However, little information is available concerning the allelopathic potential of tropical and subtropical plants. Azadirachta indica L., a perennial and prostrategrowing member of the Meliaceae, is one of the most dominant weeds of fields in tropical regions of Iran, South-east and South-west Asia. It was therefore of interest to test the allelopathic potential of this species, using extracts obtained under laboratory conditions.
Materials and methods

Plant material and extraction
Shoots of Azadirachta indica var, hirsute were harvested from an experimental field at Zabol University (Sistan State), Iran, washed thoroughly with tap water and rinsed with distilled water. After blotting dry with filter paper (No. 1; Whatman), the shoots (1 kg fresh weight) were homogenized in 5 L of 70% (V/V) cold aqueous acetone and the homogenate was filtered through filter paper (No. 1; Whatman). The residue was homogenized again with 5 L of 50% (V/V) cold aqueous acetone and filtered. The concentrate was divided into n-hexane-soluble, acetone-soluble and water-soluble fractions, and the fractions were evaporated to dryness as described by Kato-Noguchi et al. (1994) . The residues of n-hexane-soluble (3.5 g), acetone-soluble (2.3 g) and water-soluble (8.2 g) fractions were dissolved in a small volume of n-hexane, acetone and distilled water respectively. Each of the solutions was added to a sheet of filter paper (No. 2; Whatman) in a 9-cm Petri dish and dried. The filter paper in the Petri dish was moistened with 10 mL of 3 mM phosphate buffer (pH 7.0) containing 0.05% (V/V) Tween 20 (polyoxyethylenesorbitan monolaurate, Sigma). The concentrations of the residues of each fraction in the bioassay were 0, 0.01, 0.03, 0.1, 0.3 and 1 mg mL -1 .
Bioassay for germination studies
Seeds of the test species were sterilized in a 2% (wt/V) solution of sodium hypochlorite for 15 min and rinsed in distilled water four times. Fifty seeds of each species were sown on filter paper in Petri dishes and allowed to germinate in the dark at 25 °C for 2 days (cress, lettuce, ryegrass and timothy) or 3 days (A. caudatus and D. sanguinalis). Then the germinated seeds were counted and the percentage germination was calculated by reference to that of control seeds which had been treated with plain solution without residue (0 mg mL -1 ).
Bioassay for growth studies
The residues of n-hexane-soluble, acetone-soluble and water-soluble fractions were dissolved and added to a sheet of filter paper in a Petri dish and the filter paper was moistened with 10 mL of 3 mM phosphate buffer (pH 7.0) containing 0.05% (V/V) Tween 20, as described above. After sterilization and germination in the dark at 25 °C for 2 or 3 days, 50 germinated seeds of each of the six species were arranged on filter papers in Petri dishes and allowed to grow in the dark at 25 °C for 2 days (cress, lettuce and ryegrass) or 3 days (A. caudatus, D. sanguinalis and timothy). The shoot and root lengths of the seedlings were then measured with a ruler and the percentage length of seedlings was calculated by reference to the length of control plants treated with plain solution without residue (0 mg mL -1 ).
Measurement of osmotic potential
The residues of n-hexane-soluble, acetone-soluble and water-soluble fractions were dissolved and added to a sheet of filter paper in a Petri dish. The filter paper was moistened with 10 mL of 3 mM phosphate buffer (pH 7.0) containing 0.05% (V/V) Tween 20 as described above and stored in the dark at 25 °C for 2 or 3 days. After filtration of solution in each Petri dish, the osmotic potential of the solution was determined by a Vapor Pressure Osmometer (5500; Wescor). Standard solutions of mannitol were prepared at different concentrations, as described by Hu & Jones (1997) , and seeds or germinated seeds of test plants were incubated in the solutions in the dark at 25 °C. After 2 or 3 days, the germinated seeds were counted and the lengths of roots and shoots of the plants were measured as described above.
Statistical analysis
All experimental treatments were replicated five times in completely randomized block designs. The percentages of seed germination and seedling length were scaled so that control was 100% as described above, and means and SEs from five replicate experiments with 50 plants each were calculated.
Results and discussion
Effect of osmotic potential on bioassay
As extreme osmotic potential in test solutions for bioassay inhibits germination and growth of several plant species (Haugland & Brandsaeter, 1996; Hu & Jones, 1997) , the effects of the osmotic potential of test solutions on the bioassay in these experiments were analyzed. The osmotic potential of all test solutions was less than 70 mmol kg -1 . Test plants for the bioassays were also incubated in a range of solutions with known osmotic potential. No effect of osmotic potential on germination, root growth and shoot growth of the test plants was detected up to 150, 100 and 300 mmol kg -1 , respectively, in agreement with the results of Hu & Jones (1997) . Thus, the osmotic potential of the test solutions did not significantly affect germination, root growth and shoot growth of the test plants for the bioassay.
Activity on germination
The allelopathic potential of n-hexane-soluble, acetone-soluble and water-soluble fractions obtained from extracts of shoots of A. indica was tested with seed germination of lettuce (Fig. 1) . All three fractions suppressed the germination of the seeds, but by far the greatest inhibition was observed in the bioassay of the water-soluble fraction. When the percentage germination rate was plotted against the logarithm of the concentrations, the response curves of the nhexane-, acetone-and water-soluble fractions were linear between 10 and 40%, 10 and 30% and 10 and 90% inhibition respectively. The activities of the n-hexane-and acetone-soluble fractions were weak and complete response curves were obtained only with the water-soluble fraction. The concentrations required for 25% inhibition in the assay (defined as I 25 ) were 0.11, 0.61 and 0.026 mg mL) 1 for the n-hexane-, acetone-and water-soluble fractions, respectively, as interpolated from the response curves. Comparing I 25 values, the inhibitory activity of the water-soluble fraction was 4.2-and 23-fold greater than that of the n-hexane-and acetone-soluble fractions respectively. The effects of the three fractions on seed germination of all six test species are summarized in Table 1 . They were measured 2 or 3 days after the onset of the bioassay, once more than 70% of control plants had germinated. As described above, I 25 values were determined after drawing the concentration-response curves. In all bioassays, the I 25 value of the water-soluble fraction was smallest, followed in order by the n-hexane-and acetone-soluble fractions, confirming that the water-soluble fraction caused the greatest inhibition of seed germination. Additionally, all three fractions were more effective on the germination of dicotyledonous species (A. caudatus, cress and lettuce) than on the germination of monocotyledonous test species (D. sanguinalis, timothy and ryegrass). Figure 2 shows the effects of the n-hexane-, acetone-and water-soluble fractions on the root growth of lettuce. All three fractions inhibited the growth of the roots, with the most marked inhibition being achieved by the water-soluble fraction. When the percentage length was plotted against the logarithm of the concentrations, although complete response curves were obtained only with the water-soluble fraction, the response curves of the n-hexane-, acetone-and water-soluble fractions were linear between 0 and 60%, 0 and 30%, and 0 and 90% inhibition respectively. As interpolated from the response curves, the I 25 values in the assay were 0.032, 0.14 and 0.01 mg mL -1 for the n-hexane-, acetone-and water-soluble fractions respectively. Figure 3 shows the effects of the n-hexane-, acetone-and watersoluble fractions on the shoot growth of lettuce. These fractions inhibited shoot growth to a considerably less extent than root growth, the I 25 values in the assay being 0.24, 0.78 and 0.049 mg mL -1 for the n-hexane-, acetone-and watersoluble fractions respectively. Increasing the concentrations of all fractions increased the inhibition of both root and shoot growth. The effects of these fractions on the root and shoot growth of all six test species were measured 2 or 3 days after onset of the bioassay and the I 25 values were determined as described above (Tables 2 and 3) . In all bioassays, the I 25 value of the water-soluble fraction was smallest, followed in order by the n-hexane-and acetone-soluble fractions. The effectiveness of all three fractions on the roots of the test species was greater than that on the shoots of the same species. This observation agrees with that of Stachon & Zimdahl (1980) who found the ethanol extracts of Cirsium arvense L. (Canada thistle) more inhibitory to cucumber (Cucumis sativis L.) roots than to hypocotyls. The distinction between dicotyledonous and monocotyledonous species was less clear in shoot and root tests than in germination tests. Plant-to-plant interference is a complex combination of competition for resources such as light, nutrients and water, and allelopathic reaction (Fuerst & Putnam, 1983; Qasem & Hill, 1989) , and distinguishing allelopathic effects from the competitive interference is diffcult (Leather & Einhelling, 1988; Inderjit & Dakshini, 1994) . However, the seedlings of each test species used in these experiments were grown in a single Petri dish without intraspecies competition for resources, as young seedlings withdraw nutrients from the seeds and light is unnecessary in the developmental stage (Fuerst & Putnam, 1983) . Thus, germination and growth inhibition of the test species are likely to have been caused by the allelopathic reaction rather than by competitive interference.
Activity on seedling growth
Significant reductions in the germination and growth of the roots and shoots were observed as the extract concentration increased. The results are in agreement with previous investigations in that the activity of either water-extracts or weed residues was directly related to the concentration of the residue rates (Caussanel, 1979; Chung & Miller, 1995; Babu & Kandasamy, 1997) . Such concentration-dependent responses of the test plants to the fractions suggest that each fraction separated from the extract of A. indica might contain allelochemicals, that the allelopathic potential of the water-soluble fraction was greatest and that this fraction may contain the most active allelochemicals. This preliminary research suggests that A. indica contains potent allelochemicals that may enhance its efficiency as a weed. On the other hand, residues or aqueous extracts of the plant may be useful for weed management. It has been shown that some plant residues and extracts can work as weed inhibiting agents (Bhowmik & Doll, 1982; Putnam & Tang, 1986; Einhellig, 1996) . 
